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INTRODUCTION 
Virulence of many pathogenic microorganisms seems to be 
associated with antigenic surface structures or colloidal macro-
molecules secreted by or released from the cell surface (Braun, 
1966; Luderitz et al., 1966). Classical examples of such 
antigens are the Vi or virulence antigen of Salmonella typhosa, 
the M protein of the beta hemolytic Group A Streptococcus and 
the specific soluble substance (SSS) comprising the toxic 
capsule of virulent pneumococci. 
In medical microbiology and public, health practice these 
surface antigens are most significant. They not only function 
as immunogens and serological markers, but also serve as 
invasins, antimetabolites, and endotoxins in host animals. 
However, as significant as such surface antigens are recognized 
to be, the ecology of their appearance or disappearance in 
pathogenic organisms undergoing antigenic modification still 
remains obscure. 
In 1881, Pasteur clearly demonstrated how environmental 
factors affect microorganisms. He showed that Bacillus 
anthracis, which was virulent at 37 C, lost its virulence when 
grown at 43 C, although growth of the organism was still 
abundant (Pasteur, 1881). Since Pasteur's discovery, there is 
still a lack of data relative to the effects of environmental 
factors on microorganisms. This thesis describes the influence 
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of an acidic pH of growth media on some of the biological and 
chemical characteristics of Salmonella typhimurium. 
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LITERATURE REVIEW 
The Effects of pH 
Generally, one would readily accept the fact that what a 
cell can be is determined by its genetic endowment. Also, it 
is commonly accepted that the phenotype of a cell is the 
result of many environmental forces. Such forces may inhibit, 
accelerate, and otherwise modify the primary flow of orders 
from DNA to the remaining cell structure. These environmental 
factors frequently appear to affect the gross chemical composi­
tion of cells. For example, microbiologists have known and 
appreciated for years the fact that an organism grown in one 
medium can differ in many important aspects from the genetically 
identical organism grown in a different medium. Its content of 
proteins, nucleic acids, lipids, carbohydrates and even its 
size, may differ.greatly in various media. 
In the past 25 years, there has been intensive concentra­
tion on research involving environmental modification of micro­
organisms. Leifson, Cahart, and Fulton (1945) reported the 
occurrence of two distinct wavelengths for the flagella of 
certain Proteus species. The change from one flagellar form to 
the other was dependent on the pH value of the suspending 
medium and not on other growth conditions. In an acid medium 
the culture possessed predominantly curly, short wavelength 
flagella, but in neutral or alkaline medium the normal long. 
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wavey form was dominant. Pijper et al. (1956) two years later, 
demonstrated the effect of pH level of the medium on flagella­
tion in strains of Salmonella, Sarcina and Proteus. They 
found that the wavelength of flagella was minimal at pH 7.0 and 
that increasing alkalinity or acidity of growth media resulted 
in an increase in the wavelength of flagella. These changes in 
the wavelength of flagella resulting from variation in the pH 
value of the medium were freely reversible. 
The motility of Bacillus brevis was found by Shoesmith 
(1960) to be dependent on the pH value of the suspending medium. 
At pH 7.0, all the cells were motile, but lowering the pH value 
to 5.0 resulted in a reduction in the average speed of cells as 
well as a reduction in the total number of motile bacteria. 
Numerous studies have been conducted on the effect of 
environmental conditions on the growth of sporangia and on 
spore formation. It has been shown that adverse pH values not 
affecting vegetative growth completely prevented spore formation 
(Leifson, 1931). Some species of spore-forming organisms appear 
to have a low pH optimum for spore formation while others have 
a high pH optimum. In washed cell studies with Bacillus 
mycoides in phosphate buffer, Hardwick and Foster (1952) found 
that sporulation decreased sharply below pH 6.0. However, 
sporulation was not affected up to pH 8.5, the highest value 
that they tested. 
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In addition to spore formation, it has been shown that pH 
can affect spore germination; some of the earlier studies 
include the work of Powell (1951) . He observed little differ­
ence in germination for Bacillus megaterium spores at pH 6.0 
and pH 8.0. Church et (1954) working with B. terminalis, 
found little effect on the rate and amount of germination 
between pH 7.0 - pH 10.0. Below pH 7.0 the germination rate 
fell rapidly, but the amount of germination decreased only 
below pH 6.0. However, above pH 10.0, both the rate and amount 
of germination fell sharply. Lawrence (1955) found an optimum 
pH near 8.0 for germination of B. cereus spores. Further 
studies with B. cereus by Vas and Proszt (1957) showed that the 
rate and extent of germination in response to exposure to five 
selected acids depended on the pH of the system. Between pH 
6.0 and pH 5.0 the amount of germination fell only slightly, 
but, it decreased suddenly at pH 5.0. They also observed that 
acetic acid completely prevented germination of this species at 
pH 4.5. 
Wolf and Mohmoud (1957) reportedly obtained more germina­
tion of B. subtilis spores at pH 8.5 than they noted at pH 7.0 
or pH 6.0. Later Wolf and Thorley (1957) observed, with the 
same organism, that more germination was initiated at pH 5.5 
than at pH 7.5 or pH 8.5, by adding glucose to the medium. 
However, when L-alanine alone was added, more germination 
occurred at pH 8.5 than at lower pH values. 
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Later studies by Keynan and associates (1964) have shown 
that the activation of spores of 3. cereus in the presence or 
absence of reducing agents is influenced by pH. Below pH 4.5, 
the pH dependence of spontaneous activation was parallel to 
activation induced by reducing agents, whereas between pH 4.5 
and 7.2 the activation was more pronounced in the presence of 
reducing agents. Similar studies by Segner, Schmidt and Boltz 
(1965) using C. botulinum, showed that pH had an inhibitory 
effect on the outgrowth of type E spores. At pH 6.4, they 
observed that 0.2% thioglycollatemarkedly delayed spore out­
growth time ahd completely inhibited outgrowth at pH 6.2 for 
212 days of incubation. However, the use of 0.02% thioglycollate 
permitted outgrowth of spores in acidic media as low as pH 5.8, 
but with a considerable delay in germination time. Gibbs (1966) 
has shown that the pH value of a suspension of C. bifermentans 
spores had a mark effect on activation of germination. Marked 
activation occurred at pH 10.0 and above, as well as at pH 2.0, 
but in the pH range 3.0 - 9.0 the activation was much less. 
Gabriela, Evenchik and Keynan (1970) conducted a detailed 
investigation on the activation of B. cereus spores at pH 1.0. 
In addition to showing that activation at pH 1.0 was very rapid, 
they also showed that the kinetics of low pH activation differed 
from those of heat activation at neutral pH and that the low pH 
activated spores exhibited properties not observed after heat 
activation. 
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pH has been shown to influence enzyme production in many 
organisms. Mazza and Ertold (1870) have studied the effects 
of pH on amylase production by B. subtilis. In a medium with 
the initial pH at 7.2, they observed an increase in amylase 
production up to 12 hours. From that time on, the enzyme 
activity remained constant. When the pH was controlled at 
neutrality, amylase activity increased with time up to 35 hours. 
Tirunarayanan and Lundbeck (1968) have conducted studies 
on the effects of pH on growth and on the production of differ­
ent extracellular enzymes by Staphylococcus. However, it had 
been shown earlier that acidic pH of the medium diminished the 
production of coagulase by coagulase-positive staphylococci 
(Bungay, 1961). Tirunarayanan and Lundbeck (1968) studied the 
the effects of a pH range from 4.0 - 9.5 on the production of 
coagulase, phosphatase, hyaluronidase, lipase, desoxyribo-
nuclease and protease by staphylococci. From this study they 
concluded that at pH values between pH 6.0 - pH 7.0 maximal 
yields of protease, hyaluronidase, lipase and DNase were 
obtained. However, coagulase and phosphatase were produced 
only at pH values above 7.0, while phosphatase was produced in 
an acidic pH and lipase in the alkaline pH range. 
More recently, Cohen (1969) has studied the effects of sup­
plementation of media with yeast extract and neopeptone, and of 
adjustment of pH on the production of extracellular proteinase 
and M protein by Group A streptococci capable of producing both 
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M protein and proteinase. When the initial pH of the medium 
was 7.45 in the presence of 0.25% neopeptone, proteinase pro­
duction was delayed for 24 hours. However, when the experi­
ment was repeated using 0.1% yeast extract and no added neo­
peptone, at 24 hours very little M protein was detectable but 
considerable proteinase was already present in the medium. 
This effect of neopeptone in the medium was found to depend on 
the initial pH of the medium. When the initial pH was 7.0, 
growth was rapid, and at 24 hours considerable proteinase 
had been released into the medium, but very little M protein 
could be extracted from the cells. Elliott (19 45) had re­
ported that the precursors of proteinase were not formed at a 
neutral or slightly alkaline pH, and that a slightly acidic 
pH was conducive to proteinase production. Additional studies 
by Boszomenyi, Veress and Funvessy (1967) showed that for 0-
streptolysin formation by S. pyogenes a medium with 1.0% 
glucose and neutral pH, maintained during the entire culti­
vation period, was optimal. 
The effect of NaCl and pH on the growth of food-poisoning 
staphylococci in culture media has been reported (Lechowich 
et al. 1956; Nunheimer and Fabian, 1940), but most information 
is limited on the effect of these two environmental factors 
on enterotoxin production. These studies were considered to 
be quite difficult because of lack of any easy method to assay 
for enterotoxin. Several years later, Bergdoll (1962) studied 
the effect of pH on the production of enterotoxin B. Under his 
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experimental conditions, more toxin was produced at pH 6.0 than 
at pH 5.0, pH 7.0, or pH 8.0. Gasman and Bennett (1963), 
studying the effect of NaC^ and pH on the production of entero-
toxin A, found that pH 5.3 to pH 5.5 gave a high yield of toxin. 
A more extensive study has been conducted by Genigeorgis and 
Sadler (1966) on the combined effect of NaCl and pH on the 
growth and production of enterotoxin B by S_. aureus. They 
concluded that pH and salt concentration have an effect not 
only on growth but also on toxin production. The growth rate 
of this organism decreased progressively with the gradual 
lowering of pH from 6.9 to 5.1, or with the gradual increase of 
NaCl concentration from 2 to 16%. An interaction of these two 
environmental factors was demonstrated by the fact that the 
upper salt concentration and lower pH limits for growth and 
enterotoxin production were dependent upon each other. 
Because of the serious consequences of bacterial infec­
tions, many investigators have directed their attention to 
studying the effects of environmental factors as they relate to 
bacterial infections. It is well known that environmental 
changes can affect the virulence of a bacterial population and 
the formation of substances related to pathogenicity. As early 
as 1948, Maal^e analysed the effects of medium composition on 
the resistance of S. typhimurium to fresh human serum. Growth 
in a dilute broth at pH < 6.2 lowered resistance without 
lowering the growth rate. This drop in resistance was pre­
vented at all pH levels tested by adding glucose to the growth 
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medium. 
Many studies involving the activity of antibacterial drugs 
have been reported. There have been reports of enhanced in 
vitro activity against gram-positive and gram-negative organisms 
of several antibiotics with alteration of pH (Abraham and 
Duthie, 1946; Eagle et , 1952; Murray and Finland, 1948). 
This enhanced activity has been utilized in the treatment of 
patients with urinary tract infections. Toola, Wilcox, and 
Finland (1969) tested the susceptibility of 71 clinical isolates 
of five species of group D Streptococcus to 15 antibiotics at 
pH 5.0, pH 7.4 and pH 8.5. They found a wide range of differ­
ences in antibiotic spectra at the different pH levels. From 
their study they made two postulations: (1) A receptor on the 
bacterial cell may be changing its charge and its affinity for 
the antibacterial substance over the critical pH range and 
(2) or the charged acidic antibiotics compete with hydroxyl 
ions for a cell receptor and have fewer hydroxyl ions for 
competition at the more acidic pH. A similar pH dependent 
mechanism also occurs with basic antibiotics. 
Krauss (1968) and her associates have shown that, compared 
to the response at higher pH, at pH 6.8 the resistance of 
pneumococci to streptomycin is lowered. Most of the studies 
cited above have demonstrated mostly the effect of an acidic 
environment on activity of antibacterial drugs. However, 
Sabath et al. (1968) have shown that alkalinization of the 
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medium enhanced the activity of erythromycin against gram-
negative bacteria. In all organisms tested, there was a 
moderate to marked increase in susceptibility to the test 
antibiotic at pH 8.0 when compared with their susceptibility at 
more acidic pH levels. In some instances they found a 100-fold 
increase in activity over the range of pH tested. 
Klebanoff (1969) has further shown that the antimicrobial 
activity of catalase was pH dependent. In his test system, he 
showed that a bactericidal effect was observed at pH levels 
below 5.5, with complete killing of all test organism taking 
place at pH 4.0. 
In addition to these data, there have been numerous 
reports on the effect of environmental factors on the virulence-
antigens of the more than 300 pathogens which cause human 
infectious diseases. For example, a recent report by Pollack 
et al. (1959) using Mycoplasma pneumoniae has indicated that as 
the pH of culture fluids decreased, the immunogenicity of the 
organism also decreased. On the basis of the antigenic re­
activity of M. pneumoniae isolates at different pH, they 
concluded that pH rather than composition of the medium, was 
the critical factor in the production of immunogenicity in this 
organism. 
Some years earlier, Bichowsky-Slomnicki and Ben-Efraim 
(1963) had reported the formation of a new antigenic component 
by Pasteurella pestis upon varying the pH of culture media. 
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When the organism was incubated in a xylose-Casamino acid 
medium at a pH below 6.7 and a temperature above 35 C, the 
formation of an antigenic surface component called "pH 6 anti­
gen" was observed. This antigen was not produced when cells 
were grown at pH 7.0 and 37 C. Further experiments showed 
that the mortality rate v/as increased in groups of mice inoc­
ulated with virulent cells containing the pH 6 antigen. 
Another interesting and recent report is that of Beck 
et al. (1969) which demonstrated the effect of pH on the in 
vitro phagocytosis of Streptococcus pyogenes by mouse 
peritoneal leukocytes. Most ^  vitro experiments of this 
type are conducted at a pH around, or close to, pH 7.0. These 
investigators discovered that the normal pH of the mouse peri­
toneal cavity was between 6.1 and 6.3. When they adjusted 
their ^  vitro system to this pH range, they noted a marked 
increase in phagocytosis followed by enhanced intracellular 
killing of the ingested bacteria. Therefore, one can readily 
see that numerous biological and chemical characteristics 
of microorganisms are dependent on, and can be altered by, 
the pH of the environment. 
Review of Endotoxin 
In 19 35 Boivin (Boivin and Mesrobeani, 19 35) extracted 
endotoxins from bacteria using trichloroacetic acid. These 
antigens are now known as "Boivin antigens". When he analyzed 
the preparation, he found a large molecular complex composed of 
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protein, lipid, and polysaccharide fractions. Since that time, 
endotoxins have continued to intrigue chemists, immunochemists 
and microbiologists. 
Endotoxins possess a wide range of biological activity. 
They can affect structure and function of numerous organs and 
cells, change tissue and blood levels of many enzymes, and 
modify carbohydrate, fat and protein metabolism. They can also 
raise or lower body temperature, increase or decrease resistance 
to bacterial and viral infections, cause or prevent shock, 
destroy tumors and affect the function of several endocrine 
glands; different effects are produced by different types of 
endotoxins, or by different dosage levels of a given endotoxin. 
Repeatedly, they have been suggested in the literature as a 
possible key to understanding the peculiar and distinguishing 
features of the diseases produced by pathogenic gram-negative 
organisms. 
A number of procedures have been developed for extraction 
of endotoxins from gram-negative bacteria (Fukushi et al., 1964). 
The most common ones involve extraction of bacilli with tri­
chloroacetic acid, ethylene glycol, phenol-water and, most 
recently, ether-water. All of these procedures extract com­
plexes of protein, lipid and polysaccharides, but in varying 
proportions, depending upon the type of reagent used. On the 
basis of extraction methods, it has been suggested that lipo-
polysaccharide or 0-antigens, are linked to the cell wall lipid-
14 
mucopeptide-protein primarily by physical bonds, i.e. either 
hydrophobic, ionic or both (Wheat, 1964). It has been shown 
that short treatment of aqueous cell suspensions, of at least 
some organisms, with the chelating agent, ethylenediamine 
tetracetic acid (EDTA), and hot NaCl solution results in 
release of about half of the total lipopolysaccharide in 
soluble form (Gray and Wilkinson, 1965) . This has been inter­
preted to mean that part of the somatic lipopolysaccharide is 
bound to the cell through a metal ligand, presumably magnesium. 
The lipopolysaccharide, as such, is a weak antigen which can 
be converted to a strong antigen when complexed with protein. 
The whole antigenic complex can be dissociated at will into 
degraded components. 
According to Freeman (1942) degraded polysaccharide is 
obtained by repeated extraction of dried bacteria with hot 
acetic acid. Degraded polysaccharide can also be obtained from 
lipopolysaccharide by treatment with 0.2 N acetic acid (pH 3) 
at lOO C for several hours (Davis, 1954). These degraded 
polysaccharides carry the specificity of 0-antigen, but are 
devoid of antigenicity and endotoxic activity. "Alkali-
polys accharides" are obtained when dried bacteria or lipopoly­
saccharide are treated with 0.25 N NaOH at 56 C (Neter et al., 
1956). The preparation exhibits a great affinity for proteins 
and lipids and forms the basis for the widely used passive 
hemagglutination test. They too exhibit 0-antigen specificity 
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but are non-antigenic and non-toxic. However, they react as 
antigens when fixed to erythrocytes. 
Exact knowledge of the make-up of the protein of the 
0-antigen has been much more difficult to acquire than knowledge 
of the polysaccharides. Thus, studies regarding the protein 
portion of the 0-antigen are relatively scarce. However, 
Morgan and Partridge (19 41), and later Binkley et (1945), 
have shown that the protein component of 0-antigen can be ob­
tained in two different forms. Splitting the whole antigen 
complex with 1% acetic acid at 100 C leads to "conjugated 
protein" or "toxic protein". This substance represent 15-20% 
of the antigen complex and contains 11-12% N and 1% P. These 
figures are similar for the conjugated protein obtained from 
S. dysenteriae, S. typhi, and S. flexneri (Morgan and Partridge, 
1941; Binkley et al., 1945), and it has been assumed without 
further proof that the protein components of many gram-negative 
bacteria are similar. Treatment of the conjugated protein with 
90% phenol, followed by ethanol precipitation, leads to the 
"simple protein". The conjugated protein is endowed with a 
number of biological activities. Binkley (Binkley et , 1945) 
showed that the conjugated protein is highly toxic for mice, as 
are endotoxic lipopolysaccharides. In contrast, the simple 
protein, like degraded polysaccharide, is devoid of toxic 
activity. 
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According to their chemical nature and biological 
activity, three major lipid components related to the 0-antigen 
have been detected and partially characterized. These are 
lipid Af lipid B and a third lipid that as of yet has been only 
functionally characterized. 
Lipid B is the loosely-linked component in the whole 
antigen complex and is easily dissociated with formamide and 
ethanol or with alkaline ethanol (Morgan and Partridge, 1941; 
Binkley et , 19 45). Analysis revealed that it contains 
mainly palmitic and oleic acids and 1.5% phosphorus. Lipid B 
or lipid B - like material has gained special interest since 
Rothfield and Horecker (1964) discovered that it acts as a co-
factor for certain enzymatic steps in the vitro biosynthesis 
of the internal polysaccharide chain of the 0-antigen. 
Lipid A is linked covalently to the lipopolysaccharide and 
can be obtained by mild acid hydrolysis. This firmly bound 
lipid was call lipid A to distinguish it from the loosely linked 
lipid B. Although much work has been devoted to structural 
analysis of lipid A, it is generally agreed that its exact 
structure is still unknown. Burton and Carter (1964) purified 
and characterized the lipid A component of the lipopolysaccharide 
from E. coli 0111:B4. Their analytical data are consistent with 
a structure containing two glucosamine molecules, one phosphate 
molecule, three to four acetyl groups and five long-chain fatty 
acids. Previously, Nowotny (1961) had investigated the struc­
ture of purified lipid A from several Salmonella strains. Their 
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basic structure was also identified as a poly-D-glucosamine-
phosphate chain in which glucosamine is esterified with fatty 
acids. However, Nowotny also found evidence for small amounts 
of amino acid and proposed in addition, a peptide component 
attached to the poly-D-glucosamine. From these data, lipid A 
is thought to contain a side chain composed of N-6-hydroxy-
myristoyl-glucosamine-phosphate in which the available hydroxyl 
acids are esterified by long-chain fatty acids and possibly by 
acetic acid. 
Many investigators have worked on the possible biological 
role of lipid A in endotoxic reactions. Binkley et (19 45) 
were the first to postulate a toxic factor, T, as a component 
of endotoxins, which endows protein or polysaccharide with 
toxicity. Westphal (1960) has suggested that it is closely 
related to the lipid A moiety isolated in 1954. The question 
is still under discussion as to what extent lipid A is re­
sponsible for toxicity. It is generally accepted that a 
quantitative relationship does not exist between toxicity and 
lipid content since lipid A-poor lipopolysaccharides, isolated 
by Ribi and his associated (Ribi et al., 1960) are very potent 
endotoxins. Preparations devoid of lipid A, like degraded 
polysaccharides or simple proteins, are not toxic. On the 
other hand, mutant strains of Salmonella have been isolated 
which endotoxic lipopolysaccharides could be obtained. These 
preparations contain mainly lipid A and are devoid of poly­
saccharides . 
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Recent studies by Osborn (1963) on endotoxin from a UDP-
galactose-4-epimeraseless mutant of S. typhimurium have 
produced a new component; 2-keto-3-deoxyoctonate (KDO), which 
had been identified by Heath and Ghalambor (1963) as a com­
ponent of the lipopolysaccharide of E. coli 0111. Osborn's 
evidence indicated that the polysaccharide of the galactose 
deficient mutant consists of glucose-heptose-phosphate chains 
terminated at the reducing end by KDO. Similar results were 
found by Horecker (1964). 
While protein and lipid components of the 0-antigen from 
various gram-negative bacteria seem to be chemically similar, 
there exists an overwhelming variation among the polysaccharides 
in respect to sugar composition and structure which parallels 
the great variety of serological specificities encountered in 
these bacteria. A systematic study of the polysaccharides, 
their chemistry, biochemistry, biosynthesis, genetics, and 
serology became possible only after several groups of bacteria 
were classified according to one of these parameters. One of 
the bonuses gained from knowledge of the polysaccharide make-up 
of Salmonella has been an appreciation of the basis for and the 
sensitivity of the Kauffmann-White classification. Designed as 
a practical method for identification of Salmonella species, it 
distinguishes minor differences in polysaccharide structure. 
It is based on the serological specificity of the heat-stable 
somatic 0-antigen and, as a subclassification, on the specificity 
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of the heat labile flagellar H antigen. 
More than 20 sugars have been found in the 0-antigen of 
gram negative bacteria. Chemical and immunochemical analyses 
have provided a detailed picture of the polysaccharide struc­
ture of the different Salmonella 0 antigenic groups. As a 
result of extensive qualitative analyses of lipopolysaccharides 
from a number of Salmonella species by Westphal and Luderitz 
(1950)/ all groups have been shown to possess five basal 
sugars: heptose, KDO, glucosamine, glucose and galactose. 
The glucosamine, however, was thought to be present in the 
lipid rather than in the polysaccharide portion. Also, they 
found that the lipopolysaccharide of rough mutants is reduced 
in sugar composition regardless of the complexity of the 
lipopolysaccharide of the parent smooth wild strains. On the 
basis of these facts, they suggested that the polysaccharides 
of rough mutants might represent the central core portion of 
the more complex polysaccharide from the wild-type smooth 
strains and that the structure of the core might be the same 
in all Salmonella lipopolysaccharides. 
In some bacteria, the role of 3,6,dideoxyhexoses as an 
immunologically active end group determinant has been confirmed 
by the synthesis of artificial antigens (Luderitz et al. 1958). 
Among bacteria investigated, few species contain a 3,6-
dideoxyhexose and none possesses more than one in its lipopoly­
saccharide. Luderitz et al. (1958) coupled colitose to serum 
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albumin and noted that injection of this artificial colitose-
protoin complex led to the production of antibodies which not 
only reacted with the artificial colitose antigen but also 
cross-reacted with E. coli 0111 and serologically related 
strains, e.g. Arizona 020 and Salmonella 050. 
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MATERIALS AND METHODS 
Bacterial Strain and Culture 
Conditions 
Salmonella typhimurium var. Copenhagen was the organism 
used throughout this study. The culture was kindly supplied 
by Dr. W. H. Ewing of the National Communicable Disease 
Center, Chamblee, Ga. 
The organism was cultured in nutrient broth at 37 C. 
Five ml aliquots of medium were dispensed in 20 x 120 mm screw 
cap tubes and sterilized at 121 C for 15 minutes. To main­
tain an acidic environment (pH 4.2), Clark and Lubs' phthalate 
I buffer was used (Clark and Lubs, 1917). The pH of the 
medium was adjusted to pH 4.2 with 1.0 N NaOH. The inoculum 
used throughout this study was as follows: cells from an 
overnight slant culture were suspended in 5.0 ml of a sterile, 
normal saline solution. One tenth ml was used to inoculate 
tubes containing medium at pH 7.0 and 0,5 ml was used to 
inoculate tubes containing medium at pH 4.2. 
To grow cells in batch culture at pH 7.0, a New 
Brunswick fermenter^ was used. The cells were grown in 10 
liter quantities at 37 C for 24 hours using 200 ml of an over­
night culture of S. typhimurium as the inoculum. After the 
incubation period, cells were harvested in a refrigerated 
Sorvall KSB:R continuous flow centrifuge at 14,000 rpm. The 
^New Brunswick Fermenter Model FS-614, New Brunswick 
Scientific Company, Inc., New Brunswick, New Jersey. 
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cells were washed twice with normal saline solution by cen-
trifuging at 10,000 rpm for 10 minutes. After the last wash­
ing, they were resuspended in a small amount of sterile 
distilled water and lyophilized. 
When the growth medium was at pH 4.2, the medium was 
dispensed in one liter quantities, using Fernbach flasks. 
Each flask was inoculated with 20 0 ml of an overnight culture 
of S. typhimurium grown in nutrient broth at pH 7.0 and 
incubated at 37 C on a gyratory platform shaker for 48 
hours. Cultures were stored at 0 C until approximately 40 
liters of culture were obtained, at which time cells were 
harvested as described previously. 
Mice 
Inbred BAIB/Jc mice were obtained from Jackson Laboratory, 
Bar Harbor, Maine. At the beginning of each mouse assay ex­
periment, the animals were 5-6 weeks old. Before use, several 
animals were randomly selected and checked for Salmonella 
infection by culturing spleen and liver homogenates on SS 
agar. 
Morphological, Antibiotic Sensitivity and 
Biochemical Tests 
Colony morphology was examined on SS agar by spreading 
one drop of a 10^ dilution on the agar surface with a sterile 
glass spreader. For electron microscopic examination, the 
cells were negatively stained with 2% phosphotungstic acid 
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for 2 minutes. 
In conduct of antibiotic sensitivity tests, cells from 
each pH level were used to swab-inoculate the entire surface 
of an SS agar plate. The inoculated plates were allowed to 
dry for 15 minutes at room temperature. Antibiotic discs 
were then placed on the agar surface and each disc was gently 
pressed with sterile forceps to ensure even contact. The 
plates were incubated in an inverted position at 37 C for 
24 hours. Antibiotic sensitivity was indicated by a growth 
inhibition zone around the disc. 
Several biochemical tests were conducted to determine 
the effect of pH on typical biochemical reactions. In this 
entire series of experiments, the pH of all media used was 
at neutrality and had not been adjusted to pH 4.2. 
Determination of Growth Response 
at pH 4.2 and pH 7.0 
Two 500 ml flasks containing 150 ml of sterile nutrient 
broth were used. The pH of the growth medium in one flask 
was at pH 7.0 and was adjusted to pH 4.2 in the second flask. 
Each flask was inoculated with an overnight culture of the 
test organism. The flask containing medium with the pH at 
7.0 was inoculated with 5.0 ml of the culture while the 
inoculum for the flask with medium at pH 4.2 was 10 ml. The 
inoculated flasks were incubated at 37 C on a gyratory plat­
form shaker. 
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Turbidity determination 
Optical density of the cultures was determined using a 
Bausch and Lomb Spectronic 20 spectrophotometer at 400 nm. 
The spectrophotometer was adjusted to 100% transmission using 
nutrient broth. For cells growing at pH 7.0, the medium 
blank was adjusted to pH 7.0 and for optical density read­
ings of cells suspended in medium at pH 4.2, the nutrient 
broth blank was at pH 4.2. This was done because a difference 
in color was observed between the growth medium at different 
values of pH. Samples were removed aseptically from each 
flask at 3 hour intervals, and culture turbidity was recorded 
as optical density. 
Viable cell count 
The viable cell population was determined using the 
pour plate method. Samples were diluted by 10-fold serial 
dilutions using 0.9 ml dilution blanks. The dilution blanks 
were growth medium at each different pH level. One tenth 
ml of each dilution was placed in two sterile plastic petri 
plates and mixed with approximately 10-15 ml of sterile 
nutrient agar. The plates were rotated gently to spread the 
cells, the agar was allowed to harden and the plates were 
incubated in an inverted position at 37 C. After 24 hours, 
colonies were counted and counts were averaged for each 
duplicate plating. The total number of organisms was deter­
mined by multiplying the number of colonies counted by the 
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appropriate dilution factor. 
Virulence and Immunity 
Virulence of cultures was tested by intraperitoneal in­
jection of mice with 10^ cells in 0.5 ml of culture medium. 
In each experiment, 10 mice were used for each test material 
and the death rate of the animals was monitored for 20 days. 
Animals surviving the initial challenge dose of cells sus­
pended in the pH 4.2 growth medium were re-challenged with 
10^ virulent organisms to estimate the degree of immunity. 
The death rate of the re-challenged animals was also observed 
daily. 
Passive Transfer Experiments 
Several experiments were conducted to determine whether 
the immunity induced in animals after treatment with cells 
exposed to an acidic growth medium could be passively trans­
ferred to normal animals. For these experiments peritoneal 
macrophages were used. 
Collection of peritoneal macrophages 
Each animal was injected intraperitoneally with 5.0 ml 
of Earle's balanced salt solution (BBSS) containing 5 units 
of heparin per 1.0 ml of solution. Ten to 30 minutes later 
the animals were anesthetized, the abdominal skin was swabbed 
with 70% ethyl alcohol and was removed and the peritoneal 
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washings were collected with a 1.0 cc pipette through an 
incision in the abdominal wall. The peritoneal washings from 
immune animals were pooled; likewise, those from normal 
animals were pooled. 
The cells were washed twice with EBS3 by centrifugation 
at 500 rpm for 30 minutes and resuspended in BBSS. The 
total number of cells present was determined by means of a 
Coulter counter Model B and each cell suspension was ad­
justed to approximately an equal cell concentration for each 
experiment. 
Passive transfer procedure 
For passive transfer studies, intact cells and cell-free 
extracts were used. Cell extract was prepared by disruption 
of cells with 5 successive freeze-thaw cycles. Cell sus­
pensions were frozen in dry ice and a 1:1 mixture of acetone 
and 95% ethyl alcohol, and were thawed at room temperature. 
The cellular debris was removed by centrifugation at 10,000 
rpm for 30 minutes in a refrigerated centrifuge. The super­
natant fluid was filtered through a AAWP 047 00 raillipore 
filter, and this filtrate was employed as cell-free extract. 
The cells and cellular extract were injected intra­
peritoneal^/ into each recipient animal. The total cell 
number or cell equivalent injected was 10^ cells in 0.5 ml of 
BBSS. To test for successful passive transfer, each recipient 
animal was challenged 24 hour later by intraperitoneal 
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injection of 10^ virulent organisms. 
Preparation of 0-antigen and 
Immunization of Rabbits 
The 0-antigen was prepared from cells grown at pH 7.0, 
as follows: The agar surface in a Roux bottle was seeded with 
2.0 ml of a 12-18 hour broth culture of £. typhimurium. The 
Roux bottle was rotated to spread the inoculum over the en­
tire surface, and the culture was incubated at 37 C for 24 
hours. After the incubation period, the cells were resus-
pended from the agar surface with 10 ml of sterile 0.85% 
saline by gently rocking the bottle back and forth. The sus­
pension was then transferred to a sterile screw-cap bottle 
containing glass beads. Cell clumps were dispersed by 
vigorous shaking and the H-antigen was inactivated by keeping 
this bottle submerged in a boiling water bath for two hours 
with occasional shaking to keep the cells in suspension. 
After the heating period, the suspension was diluted to a 
cell density equal to tube 3 of the McFarland Nephelometer. 
Formalin (commercial 40% formaldehyde) was added to a final 
concentration of 0.3% formaldehyde. To prepare the 0-antigen 
from cells suspended in a growth medium at pH 4.2, broth 
cultures were used. After incubation at 37 C for 48 hours on 
a gyratory platform shaker, the cells were harvested from 500 
ml of culture medium by centrifugation at 10,000 rpm for 10 
minutes. They were washed twice with sterile 0.85% saline 
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solution and the 0-antigen prepared as described previously. 
Rabbits were immunized with each 0-antigen preparation 
by intravenous injections via marginal ear vein by the follow­
ing schedule: 
Day 1 0.5 ml 
Day 4 1.0 ml 
Day 8 2.0 ml 
Day 12 3.0 ml 
Day 16 3.0 ml 
The rabbits were bled by cardiac puncture on day 21. Antisera 
titers were determined by Neter's passive hemagglutination 
test (Neter et , 1956) and the sera from rabbits immunized 
with each antigen were pooled. 
Ouchterlony Test 
Ouchterlony plates were prepared with 0.6% agarose in 
0.02 M tris(hydroxymethy1) aminomethane(Tris) buffer (pH 8.6) 
and 0.02 M sodium citrate (Matson, 1962). The wells are 
approximately 0.5 cm apart and an antigen concentration of 
2 rag/ml was used. 
Preparation of Endotoxin 
Lipopolysaccharide material was extracted by Westphal's 
hot phenol extraction method (Westphal and Jann, 1963). This 
procedure is summarized in Figure 1. Ten grams (dry weight) 
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of bacteria were suspended in 175 ml of water at 65-68 C in 
a water bath; 175 ml of 90% phenol, preheated to 65-68 C, 
were then added with vigorous stirring and the mixture was 
kept at this temperature for 15 minutes, with occasional 
shaking. After cooling to about 10 C by placing the flask 
in an ice bath, the emulsion was centrifuged at 3000 rpm for 
30 minutes. This resulted in formation of three layers: a 
water layer, a phenol layer and an insoluble residue. The 
water layer was aspirated off and the phenol layer and in­
soluble residue were treated at 65-68 C with another 175 ml 
change of water, as described above. The combined water 
layers were dialyzed 3-4 days against running distilled water 
to remove the phenol and small amounts of low molecular 
weight bacterial substances. This dialyzed, slightly 
opalescent solution, which contained the lipopolysaccharide 
and ribonucleic acid (RNA), was then lyophilized. A white 
fluffy powder was obtained. 
To remove the RNA, the lyophilized crude extract was 
dissolved in 0.5 M NaCl to give a 0.5-1.0% solution. A 2% 
solution of the cationic detergent cetyltrimethylammonium 
bromide (cetavlon) in 0.5% M NaCl was added with constant 
stirring on a magnetic stirrer until the proportion of 
cetavlon to crude extract was 1.5:1. The solution was then 
diluted with water and precipitates of RNA were collected as 
they appeared by centrifugation at 10,000 rpm for 10 minutes. 
Figure 1. Summary of purification procedure for lipopoly-
saccharide 
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This process was repeated until no further precipitation 
occurred. The final dilute solution of lipopolysaccharide 
thus obtained was lyophilized. 
The lyophilized material was dissolved in the smallest 
possible volume of 0.5 M NaCl and the solution was poured into 
lOX its volume of cold ethanol. The resulting precipitate was 
collected by centrifugation, resuspended in HgO, dialyzed 
overnight against running distilled water and lyophilized. 
This gave a RNA-free lipopolysaccharide preparation that was 
free of low molecular weight solutes. 
Quantitative Precipitation 
Test 
The quantitative precipitation test was conducted accord­
ing to Heidelberger's procedure (Heidelberger and Kendall, 
1929) as was illustrated by Dr. Paul Rebers of the National 
Animal Disease Laboratory. The Ag-Ab ratio was standardized 
by the following procedure: Two series of 12 x 75 mm test 
tubes was used with each tube containing 0.5 ml of antiserum. 
To one row of tubes different concentrations of homologous Ag 
was added and to the second row of tubes different concen­
trations of heterologous antigen was added. All tubes were 
incubated in a 37 C water bath for 2 hours. Tubes showing 
maximal flocculation were chosen and the precipitates were 
removed by centrifugation at 2000 rpm for 1 hour. The super­
natant fluids were tested for presence of residual antigen 
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and antibody, by the gel-diffusion procedure, using the 
following pattern. 
Q Excess antibody 
Q Supernatant fluid 
0 Excess antigen 
If residual antigen or antibody was present, a precipitation 
line would form between appropriate wells. When the Ag-Ab 
ratio in serological tubes was at equivalence no precipita­
tion line would form in a subsequent gel precipitation test. 
The protocol for the quantitative precipitation is 
shown in Figure 2. Sorvall centrifuge tubes (16 ml, 17.6 
X 101 mm) were used. After all materials had been mixed, 
the tubes were allowed to stand at room temperature for 1 
hour and were then placed at 0 C for 48 hours. When the 
total refrigeration time had elapsed, the precipitate was 
removed by centrifugation in a refrigerated centrifuge for 1 
hour at 2000 rpm, after which the precipitate was washed 
twice with cold saline by centrifugation at 2000 rpm for 
30 minutes. Antibody nitrogen in the precipitate was 
determined by Rabat's micro-Kjeldahl procedure (Rabat and 
Mayer, 1961). 
Figure 2. Protocol for quantitative precipitation test 
TUBE NUMBERS 
CONTROL 
TUBES 
1 2  3  4  5  6  7  8  9  1 0  
ANTI-PH 7.0 ANTIGEN 
SERUM 
0.5ML 0.5ML 0.5ML 0.5ML 0. 5ML 
ANTI-PH 4.2 ANTIGEN 
SERUM 
0.5ML 0.5ML 0.5ML 0.5ML 0. 5ML 
•PH 7.0 ANTIGEN 0,1ML 0.1ML 0.1ML 0.1ML 
•PH 4.2 ANTIGEN 0.1ML 0.1ML 0.1ML 0.1ML 
0.85% SALINE 0.25ML 0.25ML 0.25ML 0.25ML 0.25ML 0.25ML 0.25ML 0.25ML 
"CONTAINED lOOne OF ANTIGEN 
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Cytotoxicity of pH 4.2 and pH 7.0 
Endotoxins 
To compare the cytotoxicity of pH 4.2 and pH 7.0 endo-
2 toxins, human lymphocytes were used. Lymphocytes were 
3 
cultured in suspension using RPMl 1640 tissue culture medium 
containing 10% calf serum, 10 units of penicillin/L and 50 
mg of streptomycin/L, 
Assay of endotoxin 
A 3-day-old culture of human lymphocytes was used as 
the inoculum. For these experiments, 25 ml Srlenmeyer flasks 
containing a 1" magnetic stirring bar were used. Three 
cultures were set up as described below. Ten ml of lympho­
cyte inoculum was added to each of three flasks containing 
the following: (1) 10 ml of RPMl 1640 tissue culture medium 
containing 10 yg/ml of pK 7.0 endotoxin, (2) 10 ml of RPMl 
1640 tissue culture medium containing 10 ]ig/ml of pH 4.2 
endotoxin and (3) 10 ml of RPMl 1640 tissue culture medium 
for use as a control. The final concentration of endotoxin in 
each experimental flask was 5 ug/ml of tissue culture medium. 
Flasks were placed on a magnetic stirrer and the cul­
tures were stirred slowly at 37 C. An aliquot was aseptically 
2 
Human lymphoid cell line RPMl 1788, Associated Biomedic 
System, Inc. Buffalo, New York. 
^Ibid. 
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removed at 6 hour intervals and counted on a Coulter counter 
Model B to determine total cell population in each flask. 
Viable cell counts were also conducted as follows. Five 
tenths ml of lymphocyte culture was added to a 12 x 75 ram test 
tube and was mixed with 0.1 ml of 0.4% Trypan Blue in Hank's 
balanced salt solution. After a 5 minute staining period, a 
haemocytometer counting chamber was loaded with the undiluted 
cells with a Pasteur pipette. Stained and unstained cells 
in the four corner and the center large sectors of each 
chamber were counted and the per cent viability was calcu­
lated using the following equation: 
Total number of unstained cells (viable)., _ , 
Total number of cell counted lability 
Chemical Analysis 
Nitrogen determination 
The modified Kjeldahl microprocedure described by 
Kabat (Kabat and Mayer, 1961) was used to determine total 
nitrogen in these preparations. 
Phosphorus determination 
Phosphorus was determined colorimetrically with N-phenyl-
p-phenylenediamine reagent according to the procedure of Dryer, 
Tammes and Routh (1957) . All samples were read at 770 nm on 
the Beckman Model DB spectrophotometer. Potassium dihydrogen 
phosphate was used as a standard which was run concurrently. 
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Total carbohydrate determination 
Analysis for total carbohydrate was accomplished by the 
phenol method as described by Dubois et al. (1956) with glucose 
as a standard. Readings were made at 49 0 nm using a Zeiss 
PMQll spectrophotometer. 
Sugar determinations 
The purified polysaccharides from cells grown at each pH 
were analyzed for glucose, galactose, mannose, rhamnose, 
heptose and KDO contents. The heptoses were determined using 
the cysteine-sulfuric acid method of Dische (1955) and with 
Osborn's (1963) modification of the cysteine-sulfuric acid 
method. KDO was estimated by the periodate thiobarbituric 
acid method of Aminoff (1961). All spectral measurements 
were obtained with a Beckman Model DK-2a recording spectro­
photometer . 
The sugar content of both purified polysaccharide prepara­
tions was also determined by thin layer chromatography. Two 
mg of each polysaccharide preparation were hydrolyzed in 1.0 
ml of 1.0 N HCl at 100 C for 24 hours. Thin layer plates 
were prepared by mixing 30 grams of Kieselgel G (Merck) with 
60 ml of aqueous 0.02 M sodium acetate and spread onto 
plates, which were dried at room temperature. Before use the 
plates were activated at 100 C for 15 minutes. For each 
chromatographic experiment, plates were spotted 15 mm from the 
bottom edge with each test material and sugar controls and 
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developed 10 cm in the following solvent: 
ethyl acetate/pyridine/water (2:1:2). 
All carbohydrates were detected by spraying each plate with 
a freshly prepared mixture of 9.0 ml of 95% ethanol, 0.5 ml 
of concentrated sulfuric acid and 0.5 ml of anisaldehyde and 
heating at 100 C for 5-10 minutes. Each sugar gives a 
characteristic color using this procedure. 
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RESULTS 
In order to effectively carry out the proposed research 
objectives of studying the effects of environment on the anti­
genic components of bacteria, it was necessary to conduct 
certain preliminary studies to determine what conditions 
could be altered, and to what extent they could be altered, 
without drastically affecting bacterial viability. In this 
study pH was the environmental factor of choice. Other 
factors were investigated, e.g., salt concentration and in­
cubation temperature, but were shown to be without any 
pronounced effects on the antigenic composition of the test 
organism. Results from these studies showed that pH 4.2 
was the minimal pH at which this organism could retain even 
a partial degree of viability. The results also indicated 
that at this pH some of the typical biological and chemical 
characteristics of S. typhimurium were altered. Thus, a 
more detailed study was conducted to analyze the effects of 
pH 4.2 growth medium on the test organism. 
Growth Response of Cells 
at pH 4.2 
To determine whether cells were actually growing or 
merely surviving at pH 4.2, growth curve experiments were 
conducted as described in Materials and Methods. The results 
are shown in Figures 3 and 4. These results indicated that 
Figure 3. Growth response of S. typhimurium at pH 4.2 
(Optical density growth curve) 
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Figure 4. Growth response of S. typhimurium at pH 4.2 
(Viable cell count growth curve: viable cell/ml) 
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cells suspended in a growth medium at pH 4.2 were not growing 
and that after treatment for 9 hours their viability decreased 
as a function of time. However, optical density readings 
indicated that lysis of the pH 4.2 incubated cells was not 
occurring. 
Biological Characteristics of 
pH 4.2 Treated Cells 
Morphology and biochemical reactions 
In hanging drop preparations, cells grown at pH 7.0 were 
morphologically typical of the species, appearing as small, 
motile bacilli, which on staining appeared gram-negative. 
These same morphological characteristics were shown by cells 
exposed to growth medium at pH 4.2, except that they were 
non-motile. When examined in motility test medium, the 
typical motility pattern of a diffused zone of growth spread­
ing from the line of inoculation was not manifested. Electron 
microscopic examination of cells negatively stained with 
phosphotungstic acid was conducted, wi-th the results as shown 
in Figure 5. When cells were grown at pH 7.0, numerous 
flagella were observed. However, after cells were suspended 
in a growth medium at pH 4.2 no flagella were present; careful 
examination of the grid also showed a lack of flagella or 
flagella-like particles in the surrounding medium. 
Beside being non-motile, these pH 4.2 treated cells also 
showed a reduced capacity to produce H^S on bismuth sulfite 
Figure 5. Electron micrographs of cells at pH 7.0 and at pH 4=2 
(Note that cells grown at pH 7.0 (A) have numerous flagella while 
cells maintained at pH 4.2 (B) have no flagella) 
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agar (Figure 6). Other biochemical reactions that were 
tested were typical for typhimurium; these pH 4.2 treated 
organisms also formed typical colonies on SS agar. 
Antibiotic sensitivity 
The results of the test for antibiotic susceptibility 
of S_. typhimurium taken from both pH levels are shown in 
Table 1. These results showed a difference between the two 
types of cells in their sensitivity and resistance to 4 of 
the 19 antibiotics tested. When cells were grown at pH 7.0, 
they were highly sensitive to oxytetracycline, spectinomycin 
and colistin, but were totally resistant to these same 
antibiotics after exposure to pH 4.2. It was also found that 
following growth at a neutral pH, cells were resistant to 
methicillin, but became sensitive after pH 4.2 exposure. 
Virulence and immunity 
Several experiments were conducted to determine the 
effect of pH 7.0 and pH 4.2 exposure on the virulence of the 
test organism. Results from these studies demonstrated that 
cells grown at pH 7.0 were highly virulent, killing all test 
animals within 24 hours. On the other hand, animals inocu­
lated with cells exposed to an acidic environment had a 
prolonged survival time. The results from a single experi­
ment to determine the virulence of cells after exposure to 
both pH levels are shown in Table 2. These results indicated 
Figure 6. A comparison of H^S production on bismuth sulfite 
agar between cells grown at pH 7.0 (A) and cells 
maintained at pH 4.2 (B) 
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Table 1. The effect of pH of growth medium on antibiotic 
susceptibility of S^. typhimurium 
Antibiotics pH °t cell growth medium 
pH 7.0 pH 4.2 
Nitrofurantoin R 
Neomycin S S 
Chloramphenicol S S 
Streptomycin S S 
Erythromycin R R 
Penicillin R R 
Oxytetracycline^ S R 
Polymyxin B S S 
Sulfamerazine R R 
"Triple sulfa" R R 
•Sulf athiazole R R 
Sulfapyridazine R R 
Lincomycin R R 
Spectinomycin^ S R 
Methicillin^ R S 
Novobiocin R R 
Bacitracin R R 
Colistin^ S R 
Geomycin S S 
- sensitive; R - resistant. 
'^Antibiotics where a difference was observed. 
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that the pH 4.2 treated cells were reduced in their virulence 
but were still immunogenic. A considerable degree of immunity 
could be demonstrated in the surviving mice when they were 
re-challenged with virulent organisms, as a survival time of 
6-10 days was commonly observed. The same challenge dose 
was fatal to normal control animals within 24 hours. This 
immunity induced by injection of pH 4.2 treated cells could 
be passively transferred from immune to normal animals with 
peritoneal macrophages, or with an extract prepared from 
such cells. Results from a typical experiment are shown 
in Table 3. When normal mice were injected with immune 
leukocytes, or with cell-free immune leukocyte extract, and 
then were challenged with 10^ virulent organisms, a slightly 
increased survival time was observed over that of untreated 
animals given the same challenge dose. A minimum of 10^ 
Table 2. Virulence of cells at pH 7.0 and pH 4.2 
Inoculum 
b Per cent survival of mice after challenge 
0 1 5 10 15 20^ 
Cells from growth 
medium at pH 7.0 100 0 0 0 0 0 
Cells from growth 
medium at pH 4.2 100 100 100 70 40 40 
^Days after challenge. 
^10^ cells. 
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Table 3. Passive transfer of cellular resistance in mice by 
leukocyte or leukocyte extracts 
Treatment Number Number of animals surviving: 
of of Days after challenge 
animals animals 1 2 3 4 5 6 
Untreated 12 0 0 0 0 0 0 
Injected with normal 
(non immune) cells 12 ' 2 0 0 0 0 0 
Injected with normal 
cell-free extract 12 0 0 0 0 0 0 
Injected with 
immune cells 12 12 12 12 7 3 1 
Injected with immune 
cell-free extract 12 12 11 10 3 0 0 
immune leukocytes were needed to demonstrate this passive 
transfer of immunity. 
Comparison of Endotoxins Extracted from 
pH 7.0 and pH 4.2 Cells 
The quantitative yields of endotoxin from cells at the 
two different pH levels were quite different. The yield, 
based upon 10 grams dry weight of starting material, from 
cells grown at pH 7.0 was 500 mg; whereas the yield from the 
pH 4.2 treated cells was only 75 mg from the same dry weight 
of cells. However, both purified lipopolysaccharide prepara­
tions were lethal for mice at a concentration of 2 mg per 
mouse. 
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Serology 
The serological characteristics of the purified endo­
toxin from each cell type were evaluated by double-agar gel 
diffusion. The double-diffusion procedure disclosed two 
lines of precipitation. Results from these studies are 
shown in Figure 7 and indicate that some of the normal anti­
genic components are missing or are serologically inactive 
after cells are suspended in an acidic growth medium. When 
the pH 4.2 antigen was tested against homologous and hetero­
logous antiserum, the precipitation lines formed were very 
weak. However, when the pH 7.0 antigen was tested against 
the same antisera, sharp, distinct precipitation lines were 
observed. These results were further substantiated by 
quantitative precipitin studies. As is shown in Table 4, 
the precipitinogen content of lipopolysaccharide extracted 
from cells suspended in an acidic growth medium was greatly 
decreased as indicated by the small amount of antibody 
precipitated. Additional studies showed that this pH 4.2 
lipopolysacchardie was not capable of removing all the 
antibody from anti-pH 7.0 antigen serum (Figure 8) even 
though the Ag-Ab ratio was at equivalence. These studies 
further indicate the pH 4.2 lipopolysaccharide was anti-
genically deficient. 
Both antigen preparations were analyzed for hexose, 
heptose, nitrogen and phosphorus content, as well as total 
Figure 7. Double-gel diffusion analysis in agar gel 
(The center well labelled (5) contains antiserum 
against pH 4.2 antigen and the center well labelled 
(6) contains antiserum against pH 7.0 antigen. 
The peripheral wells contain the following; 
(1) pH 4.2 antigen, (2) pH 7.0 antigen, (3) 
E. coli O.lllzB lipopolysaccharide W and (4) 
0.85% saline) 

Figure 8. Serological cross reactivity of pH 4.2 and pH 7.0 
endotoxin by gel precipitin test 
(The wells contain the following: (1) Anti-pH 
7.0 antigen serum (2) Anti-pH 4.2 antigen serum 
(3) pH 7.0 antigen (4) pH 4.2 antigen (hi Anti-
pH 4.2 antigen serum after adsorption with pH 
7.0 antigen (B) Anti-pH 7.0 antigen serum after 
adsorption with pH 4.2 antigen) 
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Table 4. Serological cross reactivity of pH 4.2 and pH 7.0 
endotoxin by quantitative precipitation test 
Antigen-Antibody ug of antibody N in the 
system precipitate 
pH 7.0 antibody 
antigen 
vs pH 7.0 
44.2 
pH 7.0 antibody 
antigen 
vs pH 4.2 
17.4 
pH 4.2 antibody 
antigen 
vs pH 7.0 
13.8 
pH 4.2 antibody 
antigen 
vs pH 4.2 
26.6 
carbohydrate and 2-keto-3-deoxyoctonate content as described 
in Material and Methods. The gross chemical analyses were 
within the rather wide range of values reported for various 
endotoxin preparations. These data are summarized in Table 
5. The total nitrogen and phosphorus contents were similar 
for both antigen preparations. However, it was found that 
the pH 7.0 antigen contained twice as much carbohydrate as 
did the pH 4.2 antigen. 
Colorimetric tests for reducing sugars and poly­
saccharides have been known for a considerable time. The 
absorption curve obtained by plotting absorbance vs. wave­
length is characteristic for each sugar. In this study, the 
modified cysteine-sulfuric acid reaction (Osborn, 1963) with 
a 10 minute treatment period at 100 C was used to check for 
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Table 5. Chemical composition of pH 4.2 and pH 7.0 0-antigens 
Determinations antigen 
Total nitrogen 4.54 4.31 
Total phosphorus 1.80 1.85 
Total carbohydrate^ 17.0 32.6 
^Determined with the phenol-sulfuric acid method using 
glucose as a standard. 
the presence of heptose. The absorption curves using this 
method to check for heptose were obtained after 2 hours, and 
at 1, 3, and 5 days of treatment. The five day absorption 
curves are shown in Figure 9. The 5 day curves are pre­
sented in this study because the color reaction is assumed 
to have reached its maximum at that time. Results in 
Figure 9 indicate that heptose is absent or present in very 
small quantity in the pH 4.2 preparation. The heptose 
absorption peak for the pH 7.0 sample is identical to that 
obtained with the heptose standard, as indicated by a 
characteristic absorption peak at 500 nm. It is therefore 
assumed that heptose is present in the pH 7.0 sample, as 
would be expected. When the samples were examined by thin 
layer chromatography, galactose, glucose, rhamnose and mannose 
was shown to be present in both endotoxin preparations. 
The possible presence of 2-keto-3-deoxyoctonic acid 
Figure 9. Absorption spectra of products of the modified cysteine-sulfuric acid 
reaction 
(The peak at 500 nm is characteristic of heptose) 
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(KDO) was indicated with the periodate-thiobarbituric acid 
reaction of Aininoff (1961) using a solution of N-acetyl-
neuraminic acid as a standard. In this comparison, hydrolysis 
was conducted for 20 minutes, and for 1 hour, at 100 C in 
0.02 N HgSO^. The absorption curves of the products obtained 
after 20 minute hydrolysis are shown in Figure 10; the same 
curves were obtained when both samples were hydrolyzed for 1 
hour. Both antigens show an absorption peak at 530 nm, rather 
than the expected KDO peak at 54 8 nm. Therefore, it may be 
concluded that KDO is either absent, or that it is present 
in this organism in a form that causes the absorption peak 
to differ from the usual absorption peak of 548 nm reported 
for KDO. 
Initial studies have shown that both of the purified 
lipopolysaccharides were lethal for mice. Therefore, addition­
al experiments were conducted to compare the toxicities of 
the endotoxin preparations on human lymphocytes. For this 
test, tissue culture cells were prepared by the procedure 
outlined in Material and Methods. A pH 7.0 lipopolysaccharide 
concentration of 5 ug/ml of medium was shown to be toxic for 
the test cells. Concentrations lower than 5 yg/ml showed 
little or no deleterious effect, and concentrations higher 
than 5 yg/ml caused very little difference in the degree of 
toxicity observed. Therefore, this 5 pg/ml concentration was 
chosen for use in all subsequent experiments. These results 
Figure 10. Absorption spectra of the products of the periodate-
thiobarbituric acid reaction 
(Note that the peak for the test materials is 530 nm 
rather than the characteristic peak at 54 8 nm for KDO) 
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are shown in Figures 11 and 12. When cells were treated with 
either endotoxin preparation, no difference in toxicity 
could be observed. Therefore, it is concluded that the 
cytotoxicity of pH 7.0 and pH 4.2 endotoxin for human 
lymphocytes is equivalent. 
Figure 11. Cytotoxicity of pH 7.0 and pH 4.2 endotoxin for human lymphocytes 
(Total cell population curve) 
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DISCUSSION 
In spite of extensive knowledge regarding Salmonella 
species / there is still speculation why some species are 
virulent for certain animals and other are not. Even when 
one species, such as Samonella typhimurium, generally has a 
characteristically high virulence for mice, occasional 
smooth strains of the same species may be shown to lack this 
characteristic. In Salmonella, as in many other bacteria, 
virulence is associated with surface antigens. Several 
studies have shown that tactors which alter surface antigens 
also cause an alteration in virulence of pathogenic organisms. 
In the present investigation, we have demonstrated that sus­
pending S_. typhimurium in an acidic culture medium exerts 
a great influence on some of the typical biological and 
chemical characteristics of this organism. 
Numerous studies have shown that pH of the growth medium 
can cause alteration in the type of flagella produced by some 
organisms. Leifson, Cahart and Fulton (19 45) reported results 
of a study of the effect of pH on flagella formation in 
certain Proteus species. With different pH values, they 
noted a difference in the flagella wavelength, and attributed 
this difference to the pH value of the suspending growth medium. 
In an acidic medium the culture possessed predominately curly, 
short wavelength flagella, but normal, long, wavy forms were 
dominant in alkaline medium. Pijper et (1956) 
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demonstrated the effect of pH level of the culture medium 
on flagellation in strains of Salmonella, Sarcina and Proteus. 
In this study, they observed that the flagella wavelength 
was minimal when the culture medium was at pH 7.0 and that 
the wavelength increased when the pH of the medium was 
changed either toward acidity or alkalinity. These changes 
in the wavelength of the flagella resulting from variation 
in the pH value of the medium were freely reversible. 
Shoesmith (1960) reported that the relative motility of 
Bacillus brevis was dependent on the pH of the suspending 
medium. He observed a reduction in motility when the growth 
medium was lowered from pH 7.0 to pH 5.0. All of these 
studies showed that flagella were produced under adverse pH 
levels, but in an atypical form. Our results showed that 
lowering the pH of the growth medium to pH 4.2 completely 
inhibited flagella formation by S. typhimurium. The dif­
ference in the results obtained by the present investigation 
and by earlier workers could be explained on the basis of the 
different pH values of the media used. In all of the previous 
studies, the lowest pH value tested for its effect on flagella 
formation was pH 5.0. In this study, a pH value of 4.2 
was used. Thus at pH 5.0, flagellar biosynthesis and assembly 
could take place, whereas, at pH 4.2 it could not. It may be 
postulated that enzymes involved in flagellar biosynthesis 
are repressed at pH 4.2. This postulate is supported by the 
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fact that removal of cells from the acidic medium to a neutral 
medium resulted in production of highly motile cells, whose 
motility indicates the presence of flagella. 
Numerous studies have shown that flagella can be 
dissociated by a variety of agents, including low pH (Vegotsky 
et al., 1965; Weibull, 1948). Acid dissociation of flagella of 
a bacterial strain, gives rise to. a homogeneous solution of 
the flagellar protein flagellins, which vary in molecular 
weight from 20,000-40,000 in different species. Additional 
studies (Abram and Koffler, 1964) have shown that flagellins 
will reaggregate to form flagella-like filaments when the pH 
value is raised. Results from these studies might explain 
the disappearance of flagella from S. typhimurium when this 
organism is suspended in a growth medium at pH 4.2. This 
acidic exposure of cells could cause dissociation of their 
flagella into flagellin subunits and thus explain why cells 
maintained in an acidic growth medium lack flagella. 
A number of conditions can affect the characteristic 
biochemical reactions of microorganisms. For example, a 
typical characteristic of Bacillus species is the ability to 
produce amylase. However, Mazza and Ertold (1970) have 
demonstrated that pH can affect amylase production by 
B. subtilis. In experiments conducted without pH control, 
the enzyme production increased up to 12 hours and thereafter 
remained constant. In other experiments carried out under 
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the same conditions but with a controlled pH, amylase activity 
increased with time. Other studies have demonstrated a rela­
tionship of pH to enzyme production (Tirunarayanan and Lund-
beck, 1968; Cohen, 1969) . In the present investigation, pH 
was shown to influence the ability of S. typhimurium to 
produce HgS. When the cells were suspended in a growth 
medium at pH 4.2, they showed a reduced capacity to produce 
HgS. The significance of this finding remains obscure. 
However, one explanation might be that under these conditions, 
the cell is utilizing its energy to maintain a suitable 
internal cellular pH or that the enzymes involved in H^S 
production are inactivated or repressed at pH 4.2. 
The difference in antibiotic susceptibility between cells 
from the two different pH levels is quite significant to 
medical bacteriology. The fact that some antibiotics show 
changes in antibacterial activity at different hydrogen ion 
concentrations has been known for over 20 years (Abraham 
and Duthie, 1946) . Sabath et aJ^. (1968) have demonstrated 
that the antibacterial activity of erythromycin was markedly 
enhanced by alkalinization of the culture medium or urine. 
The urine of normal volunteers was made alkaline by ingestion 
of sodium bicarbonate or acetazolamide and was capable of 
inhibiting E. coli and K. pneumoniae when diluted up to 128 
times with broth of the same pH as the urine. Undiluted 
urine of the same subjects, without alkalinization, was 
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seldom capable of inhibiting these organisms. Similar studies 
have been conducted with gram-positive organisms (Toala et , 
1969); Krauss et a^., 1968). The general principle appears 
to be that some acidic antibiotics are more active when 
un-ionized at acidic pH levels, whereas the reverse is true 
with some basic antibiotics. A current popular explanation 
for the effect of changes in pH on antibacterial activity is 
that a change in ionization is the crucial factor. As more 
of the antibiotic becomes ionized, it becomes increasingly 
difficult for it to permeate the bacterial cytoplasmic mem­
brane or cell wall, resulting in an apparent decrease in 
antibacterial activity. In the present study, the test 
organism was treated at pH 7.0 and pH 4.2 and was then tested 
for its susceptibility to different antibiotics. Therefore, 
a possible explanation for the results obtained is that under 
acidic growth conditions the receptors on the bacterial cell 
may be changing charge and thus, altering their affinity 
for the antibacterial substance. Since it was shown that 
after treatment at pH 4.2, S. typhimurium cells became 
sensitive to methicillin, an antibiotic to which they are 
normally resistant, one might conclude that the net surface 
charge was changed so that the bacterial cell had a greater 
affinity for this antibiotic than it did when grown at pH 7.0. 
However, convincing experimental documentation of a single 
mechanism for the pH effect on antibiotic activity and 
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susceptibility is lacking. 
Further experiments indicated that treating S. 
typhimurium at pH 4.2 greatly affects its virulence for mice, 
perhaps by changing the antigenic pattern of this micro­
organism. Also, after acid treatment, the organism could 
not be serologically typed with anti-S. typhimurium 0 antisera, 
using the plate agglutination test. This indicated that the 
0-antigen had been greatly reduced in quantity per cell, 
and provided further evidence that pathogenicity of gram-
negative organisms is associated with the somatic 0-antigen. 
Several studies have been conducted in experimental 
salmonellosis to determine the effect of different immunizing 
agents and their relative abilities to induce immunity in 
mice. Although mice which have recovered from infection with 
S_. typhimurium are highly resistant to reinfections, almost 
equally good protection is provided by active immunization. 
Kenny and Herzberg (1968) reported results from experiments 
examining the effects of antigen type, antigen dose, and 
route of immunization on protection of mice against virulent 
Salmonella. They concluded that live, smooth organisms in­
jected by the intraperitoneal route gave greatest protection. 
However, live rough strains of £. typhimurium could also be 
used and the duration of protection conferred by the rough 
strain vaccines was closely correlated with the endotoxic 
content of the immunizing strain. Collins (1968) reported 
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similar results using live vaccine of S. enteritidis and 
S. typhimurium. On the basis of these studies and reports 
by Blanden et (1966) and Mackaness et (1966) , there 
has developed a consensus that neither active immunization 
with heat-killed virulent bacteria nor passive transfer of 
serum from resistant mice can produce good protection in 
experimental salmonellosis. More recently, Germanier (1970) 
studied different rough mutants of S. typhimurium to deter­
mine their virulence and immunizing capacity when used as 
live vaccines for mice. He used mutants with a known block 
in the biosynthesis of cell wall lipopolysaccharides, and 
concluded that not all rough strains are of equal effective­
ness as live vaccines. 
The data developed in the present investigation show 
that acid treatment of S. typhimurium reduced its virulence 
for mice and that such treated cells could be used as live 
vaccines. However, the immunity that they induced was not 
long lasting and did not sufficiently protect animals re-
challenged with virulent organisms. These results may be 
explained as follows. The endotoxic content per cell was 
not of sufficient quantity to induce good protection since 
previous studies (Kenny and Herzberg, 1968) have shown a 
direct relationship between the endotoxic content of cells 
used as immunogens and the strength of the immunity that 
they induced. Another possibility is that the organisms 
are very rapidly destroyed by the host defense mechanism and 
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are rapidly removed from the host body. A recent report by 
Germanier (1970) supports this hypothesis. In experimental 
salmonellosis, using rough mutants of typhimurium as 
immunizing agents, he demonstrated that persistence of the 
rough mutants vivo was essential for good protection in 
mice. 
Even though the immunity induced by cells suspended in 
a growth medium at pH 4.2 was not complete, this immunity 
could be passively transferred with peritoneal macrophages 
from immune to normal animals. Numerous studies have appeared 
in the literature using passive transfer experiments to study 
the cellular events by which immunity is established. Suter 
(1961) demonstrated that by transferring cells from BCG-
vaccinated donors to normal recipients, some degree of pro­
tection against challenge infection with tubercle bacilli 
was achieved in guinea pigs and mice. Millman (1962) later 
showed that passive transfer of the peritoneal exudate cells 
from immune donor mice protects normal recipient mice from 
infection with massive doses of virulent tubercle bacilli. 
Fong. Schneider, and Elberg (1957) demonstrated that 
immune histiocytes, obtained from the abdominal cavity of 
BCG-vaccinated rabbits, resisted cell degeneration caused by 
parasitization with the virulent strain of Mycobacterium 
tuberculosis in tissue culture. It was further demonstrated 
that the lysates of immune histiocytes, as well as the 
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original immune histiocytes from BCG-vaccinated rabbits, were 
able to transfer cellular resistance and that the histio­
cytes from recipient animals withstood cell degeneration 
caused by the engulfment of virulent strains at the 
end of the transfer series (Fong, Chin, and Elberg, 1962). 
This active principle which participated in the induction 
of cellular resistance was an active ribosomal ribonucleic 
acid of immune histiocytes. 
Saito and Mitsuhashi (1965) have reported similar results 
in mice immunized with live vaccine of S_. enteritidis. In 
addition to showing that immunity could be passively trans­
ferred with immune monocytes, Sato and Mitsuhashi (1965) 
demonstrated that the transfer agent is ribonucleic acid in 
nature. 
Our results showed that animals passively immunized 
with immune peritoneal macrophages or an extract prepared 
from such cells survived a challenge with virulent organisms 
for 6-10 days. Some reports have appeared in the literature 
indicating that passively immunized animals can be protected 
for a longer period of time. However, one criterion for 
longer protection is that the donor animal must be hyper-
immunized. The number of cells transferred can also influence 
the degree of immunity established. Therefore, the results 
observed in this study might be attributed to a lack of highly 
immunized donor animals. In this study no attempts were made 
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to identify the factor associated with the immunized cells 
responsible for successful passive transfer of immunity. 
Several interesting results were obtained from gel-
diffusion and immunochemical studies on the purified lipo-
polysaccharide. Of particular interest was the result indi­
cating an antigenic alteration after cells were treated at 
pH 4.2. Several studies have shown that pH can alter the 
surface antigenic structure of bacteria. Bichowsky-
Slomnicki and Ben-Efraim (19 63) reported that incubation 
of P. pestis in a xylose-Casamino acid medium at a pH below 
6.7 and at a temperature above 35 C caused the formation 
of an antigenic surface component which they called "pH 6 
antigen". They concluded that this new antigenic component 
was associated with virulence of P. pestis. 
More data involving the effect of pH on bacterial 
surface antigens or lipopolysaccharide has been obtained by 
alkaline hydrolysis of bacterial lipopolysaccharide. 
Hemagglutination employing erythrocytes sensitized with 
lipopolysaccharide (LPS) is a procedure used intensively in 
studies of the antibody response to gram-negative bacterial 
infections and in studies of antigenic determinants of gram-
negative bacteria. The LPS must be hydrolyzed before they 
will coat the erythrocytes. Data from such studies show that 
alkali treatment alters more than one antigenic determinant 
of the 0-antigen of S. typhimurium. Kotelko et al. (1961) 
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first observed that the major loss of immuno-reactivity due 
to alkaline hydrolysis is due to the loss of 0-acetyl groups. 
However, Ciznar and Shands (1970) reported data derived from 
studies with S_. abortus equi LPS, which indicated that an 
additional factor is destroyed by alkali treatment. This 
LPS possesses two determinants in common with that of S_. 
typhimurium but lacks factor 5. Although its immunological 
reactivity was not so markedly affected by alkaline hydro­
lysis, they concluded that some antigenic deficiency was 
produced by this treatment. 
To the best of our knowledge no reports have appeared 
in the literature showing the effect of acid treatment on 
lipopolysaccharide. It is known, however, that acid plus 
heating for a set time will hydrolyze the lipopolysaccharide 
into its individual monosaccharides. Therefore, at this 
time an accurate interpretation of the data obtained can 
not be made. One might speculate that a similar mechanism 
is occurring upon acid treatment to that which occurs when 
bacterial LPS are alkali treated. In other words, the anti­
genic loss observed after cells are suspended in a medium 
at pH 4.2, could be due to cleavage of some of the normal 
antigenic determinants. 
The results of gross chemical analysis of the lipopoly­
saccharide antigens and their moieties are summarized in 
Table 4. The phosphorus and nitrogen contents were similar 
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for both lipopolysaccharide preparations. This finding could 
indicate a similar degree of phosphorylation, as well as a 
similar amount of amino compounds in the two preparations. 
The significance of the 2-fold difference in carbohydrate 
content between the two preparations is not known. The 
literature reveals that numerous studies have been conducted 
comparing chemical composition with biological activity of 
endotoxin preparations. In general, no correlation was 
evident between potency and content of nitrogen, fatty acids 
or hexosamine, but low values for carbohydrates were in­
variably associated with reduced endotoxic activity. In 
line with these observations, the difference in carbohydrate 
content may partially explain the observed difference in 
toxicity between our two endotoxin preparations. 
Analysis of these purified polysaccharides revealed that 
they were composed primarily of hexoses and pentoses. Thus, 
both antic an preparations appear to contain the same basic 
sugars found by Westphal and Luderitz, (1954) and by other 
investigators in the lipopolysaccharide of E. coli and by Ribi 
et al. (19 60) in Salmonella species. However, our pH 4.2 
preparation appears to lack heptose or contains this sugar 
in a very small concentration (Figure 6). The significance 
of this finding remains obscure. In the past, several studies 
have been conducted using microbial mutants which are defective 
in enzymes catalyzing different synthetic steps in bio­
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synthesis of cell wall lipopolysaccharides. Nelson and Roan-
tree (1967), working with serum sensitive mutants of 
Salmonella, reported that partial or total loss of sugars from 
the lipopolysaccharides which are responsible for 0-anti-
genicity resulted in loss of virulence. An increased sensi­
tivity to the bactericidal effect of antibody and comple­
ment was also noted. Nakano and Saito (1969) have also 
examined the virulence and immunogenicity of Salmonella 
mutants. Their results showed direct relationships between 
the sugar content of the lipopolysaccharide, virulence, and 
immunogenicity, showing that the 0-antigen side-chain is an 
important virulence factor. This virulence effect has been 
attributed to the ability of the 0 side-chain to resist 
phagocytosis. Medearis ^  sJL. (1968) using two mutants of 
E. coli which produced altered lipopolysaccharide, obtained 
similar results. MacLeod and Krauss (1950) compared the 
type-specific polysaccharide content of virulent and avirulent 
smooth pneumococcal strains. They found, with two type VII 
strains differing in in mice by a factor of 10^, that 
the virulent strain contained 50% more polysaccharide than 
did the avirulent smooth strain of the same type. These 
studies have shown that there is a direct relationship between 
sugar content of lipopolysaccharide, and virulence of some 
microorganisms. Our findings seem to corroborate these 
results. The large difference in heptose concentration and 
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total carbohydrate content between the two endotoxins prepara­
tions may play an important role in influencing the experi­
mental results obtained from virulence studies. As a 
practical application of this work, it is postulated that 
where avirulent mutants of enteric pathogens have not been 
isolated, deliberate manipulation of environmental conditions 
might produce a suitable avirulent, but immunogenic, pheno-
type. Furthermore, one might use such an approach in 
studies relating the chemical composition of bacterial lipo-
polysaccharide to biological activity. 
In conclusion the following hypotheses may be made: 
(1) the disappearances of flagella from ceils suspended in 
a growth medium at pH 4.2 was probably due to acid disassocia­
tion of flagella into protein subunits, flagellin, rather 
than to cleavage of intact flagella from the bacterial cell 
wall, and (2) the antigenic, chemical and virulence dif­
ferences observed after the cells are maintained at pH 4.2 
could be attributed to cells utilizing their energy only for 
survival at pH 4.2 thus, much of their' metabolism and the 
degree of cell viability is affected, which in turn produces 
cells incapable of functioning normally. 
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SUMMARY 
Preliminary experiments were conducted to determine 
what environmental factors could be altered and to what ex­
tent these factors could be altered without drastically 
affecting bacterial growth, while showing some effect on the 
antigenic composition of S. typhimurium. In this study, pH 
was the environmental factor of choice. However, other 
environmental conditions were investigated, e.g. salt con­
centration, and incubation temperature. These other factors 
were shown to be without any pronounced effects on the anti­
genic composition of the test organism. Results from these 
studies showed that pH 4.2 was the minimum pH at which this 
organism would remain viable, and preliminary tests also 
indicated that at this pH some of the typical biological and 
chemical characteristics of S. typhimurium were altered. 
When cells were grown at pH 7.0, they were morphological­
ly typical of the species, appearing as small, motile, gram-
negative bacilli. The same morphological characteristics 
were shown by cells maintained at pH 4.2, except that at this 
pH they were non-motile. Electron microscopic examination 
of these cells showed that they lack flagella. In addition 
to being non-motile, cells maintained at pH 4.2 also showed 
a reduced capacity to produce H^S on bismuth sulfite agar. 
Results from virulence and immunity studies demonstrated 
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that they were also reduced in their virulence for mice, 
but were still immunogenic. 
A series of experiments was conducted to determine the 
effect of an acidic growth medium on antibiotic susceptibility 
of S. typhimurium. The results showed a difference from the 
usual response in sensitivity and resistance to four of 
nineteen antibiotics tested. When cells were grown at pH 
7.0, they were highly sensitive to oxytetracycline, spectino-
mycin and colistin, but were totally resistant to these same 
antibiotics after exposure to pH 4.2. It was also found 
that following growth at pH 7.0, the cells were resistant to 
methicillin but became sensitive after acid treatment. 
Endotoxin was extracted from cells exposed to the two 
pH levels, using Westphal's hot phenol-water procedure 
(Westphal and Jann, 1963). The yields of endotoxin from the 
two cell treatments were quite different. The yield, based 
upon 10 grams dry-weight of starting cell material, from 
cells grown at pH 7.0 was 500 mg, whereas the yield from 
cells suspended in a growth medium at pH 4.2 was only 75 mg 
from the same dry-weight of cells. However, both purified 
lipopolysaccharide preparations were lethal for mice at a con­
centration of 2 mg per mouse. 
Serological characteristics of the purified endotoxin 
from each cell type were evaluated by precipitin reactions 
run as agar gel double-diffusion and quantitative précipita-
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tion tests. Results using these procedures showed that acid 
treatment of cell markedly altered their immunological 
reactivity and indicated that the 0-antigen was deficient 
in some of its normal antigenic determinants. 
Both antigen preparations were analyzed for their content 
of hexoses, heptose, nitrogen and phosphorus, as well as for 
total carbohydrate and 2-keto-3-deoxyoctonate (KDO) content. 
The total nitrogen and phosphorus contents were similar for 
both antigen preparations. However, it was found that the 
pH 7.0 antigen contained almost twice as much carbohydrate 
as did the pH 4.2 antigen. 
Colorimetric tests for reducing sugars using Dische's 
primary cysteine-sulfuric acid reaction and thin layer 
chromatography studies indicated that both polysaccharides 
contain the basal sugars reported for various endotoxin 
preparations. These results indicated that the pH 4.2 anti­
gen entirely lacked, or at most, contained a very small 
quantity of heptose. Also, for both antigen preparations, the 
absorption peak observed for KDO was located at 530 nm rather 
than at the expected KDO-peak at 548 nm. 
Studies of cytotoxicity of both types of lipopoly-
saccharides for human lymphocytes vitro were also 
conducted. Both lipopolysaccharide preparations showed 
equivalent cytotoxic effects, even though their antigenic and 
chemical composition differed. 
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